We study the lattice gauge boson propagator of 3D compact QED in Landau gauge at zero and non-zero temperature. Non-perturbative effects are reflected by the generation of a mass m, by an anomalous dimension α and by the photon wave function renormalisation Z. These effects can be attributed to monopoles: they are absent in the propagator of the regular part of the gauge field. The rôle of Gribov copies is carefully investigated.
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Three-dimensional compact electrodynamics (cQED 3 ) shares two essential features with QCD, confinement [1] and chiral symmetry breaking [2] . Confinement of electrically charged particles is caused by a plasma of monopoles which emerge due to the compactness of the gauge field. Recently we have interpreted the deconfinement phase transition in cQED 2+1 from the monopole point of view and have shown that the transition is independent of the strength of external fields [3] . In Ref. [4] we have demonstrated how the confinement property is manifest in the gauge boson propagator of this theory and how the propagator changes at the deconfinement temperature. We have found that an anomalous dimension α appears which modifies the momentum dependence, apart from the generation of a mass m, which can be well described by Polyakov's theory [1] . We have shown that all nontrivial effects originate from the singular fields of the monopoles and disappear with the formation of dipoles.
Here we report on an extension of this study to the case of T = 0 and a careful investigation on the severity of the Gribov copy problem. At T = 0, it is important to realize that more structure functions are necessary for a full description. We found that one of the finite T propagators * M. N. Ch. is supported by JSPS Fellowship P01023.
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is extremely gauge fixing sensitive. For our lattice study we have adopted the Wilson action,
, where θ p is the U (1) field strength tensor corresponding to the compact link field θ l . The lattice coupling β is related to the lattice spacing a and the continuum coupling constant g 3 of the 3D theory, β = 1/(a g ) . The most general tensor structure of D µν at T = 0 is given by
with the 3-dimensional transverse projection op- 
These projectors are given as follows (i, j = 1, 2;
In order to discuss the form of the propagator from the monopole plasma point of view, we decompose the gauge fields links into singular (monopole) and regular (photon) contributions, θ n,µ = θ phot n,µ +θ mono n,µ [6] (see also [5] ). Once the decomposition of the link angles is done, one is free to define the corresponding propagators in position space, transform to momentum space, and to define the decomposition of D or D L/T (and F ) into monopole, photon and mixed contributions. In Fig. 1 we show for T = 0 at β = 1.8 the measured transverse propagator D and its different components in lattice momentum space. To create the best Landau gauge realization, we have evaluated N G = 20 Gribov copies, independent maxima of F obtained from maximizing random gauge transforms of the original configuration. The monopole part of the transversal propagator D mono reaches a maximum in the low momentum region before it drops towards p 2 = 0. The regular (photon) part is singular at p 2 → 0 like D phot ∼ 1/p 2 , while the full transversal propagator is not. p 2 D phot is flat independently of β. As expected, the longitudinal part F vanishes within errors.
Following [4] we describe D by the function
The photon part D phot is fitted using (3) Realizing this, we decided to use in the final measurements at T > 0, in the region β ≥ 2.0, only local updates and to use not less than N G = 100 Gribov copies per configuration. Deep in confinement (below β = 2.0 for T = 0, and generally for T = 0) our standard was N G = 20, with global updates included in the Monte Carlo. Thus, the results for D T at larger β should be considered only as qualitative. The best fit parameters α and m of the propagators D, D L and D T are presented in Fig. 3 as functions of β. The anomalous dimensions α = 0 in the confinement region for all propagators are functions not only of the monopole density (which is monotonously decreasing with growing β). The cluster structure of the monopole configurations seems to play a significant role. The fit parameters α L and m L of D L vanish at β c , giving a clear signal of the finite temperature phase transition [4] caused by the formation of dipoles. This is not the case for α T and m T of the D T propagator. We associate the (so far) inconclusive behaviour of D T , at the transition and beyond, with the insufficient gauge fixing. The mass m for T = 0 is in good agreement with the theoretical prediction [1] valid for a dilute monopole gas.
In conclusion, we have studied the gauge boson propagator in cQED 3 , both at zero and non-zero temperatures. We have found that the propagators in all cases under investigation can be fitted by (3) which is a sum of the massive propagator with an anomalous dimension plus a contact term. Similar to D L in the confinement phase [4] , D for T = 0 has an anomalous dimension α = 0. The behavior of D T at the phase transition is obscured by the extreme sensitivity with respect to Gribov copy effects, i.e. remaining wrapping Dirac strings.
